In searching for resistance genes to soybean rust (Phakopsora pachyrhizi (H. Sydow & Sydow), twenty eight soybean genotypes obtained from the International Institute for Tropical Agriculture (IITA) Ibadan were screened on rust infested field for resistance to rust. These genotypes were planted at the National Cereals Research Institute (NCRI), Yandev station in Benue State, Nigeria during 2007 and 2008 cropping seasons. Soybean rust is known to be endemic to the Yandev station. Field observations revealed significant variation among the soybean genotypes to rust. Seven soybean genotypes were identified to be resistant to rust which were
Introduction
Soybean (Glycine max (L) Merrill) is the most important oilseed and grain legume in the world. The seed has the largest usable protein content among all cultivated legumes especially after it has been heated to inactivate the anti-metabolites. Soybean is also rich in carbohydrate, calcium, iron and vitamins. The crop contains no cholesterol; for this reasons, soybean is mainly used for food, medicine and animal feed production. Soybean oil is currently considered for the production of bio-fuel in many countries, as a safe and environment friendly alternative to petroleum (Bassey, 2010; Nielsen, 2010) . In spite of these qualities, the crop has not been widely cultivated especially in Africa due to some biotic factors.
One of the most important biotic factors that constrain soybean production is the soybean rust caused by the fungus Phakopsora pachyrhizi (H.Sydow & Sydow) (Miles et al., 2007) . This is one of the most economically important foliar diseases affecting soybean world wide (Hartman et al., 2005) . Soybean rust was first reported in Japan 1903 and had been known in Asia for more than 100 years (Hartman et al., 2005) . It is a new pathogen in Africa (Levy, 2005; Shokalu et al., 2000) . In Africa, soybean rust was first observed around Zimbabwe and Uganda in 1997 (Levy, 2005) . It has spread to South Africa (du Preez et al., 2005) and the West Africa region. The disease was first observed in Nigeria in 1999 (Shokalu et al., 2000; Akinsanmi et al., 2001 ) and now endemic to major soybean growing areas in the country. Soybean rust is the most destructive foliar disease of soybean, and yield losses of over 50% are common when environmental conditions are conducive for the disease development (Glen et al, 2005) . Heavily infected plants defoliate and mature more rapidly than plants not infected with rust. Evidence of the devastation of soybean by the rust have been reported worldwide; in Australia, Asia, Europe, South America, USA and South Africa (Pivonia & Yang, 2004; du Preez et al., 2005; Ivancovich, 2005; Levy, 2005; Peterson & Kosta, 2005 , Pivonia et al., 2005 Yorinori et al., 2005) . Yorinori et al. (2005) estimated that 3.4 million tonnes of grains worth US$759 million was lost to soybean rust disease in the USA alone in 2003. The control of this devastating disease has been difficult because of availability of many physiological races of the pathogen.
Previous studies of soybean resistance to soybean rust by Bromfield and Hartwig (1980) , , Mclean and Byth (1980) , Hartwig and Bromfield (1983) and Hartwig (1986) revealed that four single dominant genes confer specific resistance to infection caused by some races of rust. The absence of high levels of host resistance to the pathogen has necessitated the continued search and identification of sources of resistance. There is no control method other than genetic resistance that would resist the infestation of the rust pathogens. The objectives of this study were to identify sources of resistance genes to the physiological races of soybean rust prevalent in Nigeria, determine the mode of inheritance and assess the possible allelic relationship between the resistance genes.
Materials and Methods
The experiment was conducted at the National 
The field used for the screening was naturally infested and soybean rust disease is known to be endemic to Yandev
The soybean genotypes were grown in a randomized complete block design with three replications. Each genotype was represented in 2-rows plots of 5 meters length with 50cm spacing between rows and 15cm between plants.
Weeds were manually hoed three weeks after planting and thereafter hand pulling followed continuously at two weeks interval.
Mean scale measurement of 1-5 for the disease severity, suggested by Shokalu et al. (2000) The plants were rated as resistant or susceptible on the basis of the lesion type present. Severity scoring of rust infection on soybean was carried out 3 weeks after germination (3 WAG), 5 WAG, 7 WAG, and 9 WAG respectively. The number of soybean plants infected with rust were counted and recorded alongside the total grain yield per plot at harvest.
Based on the reactions of the soybean genotypes to rust during screening on the field, the following pairs of crosses between resistant and susceptible parents were used for determination of mode of inheritance of the resistance gene(s) to soybean rust. The seven resistant parents identified after evaluation in the naturally infected field included: TGx1987-62F, TGx1951-3F, TGx1949-8F, TGx1987-10F, TGx 1935-3F, TGx1972-1F, TGx1936-2F and a susceptible line TGx923-2F for the crossing combinations. The derived seeds of the F 1 plants of each cross were grown in plastic buckets of 5 liters volume in the screen house. The F 1 progenies were backcrossed to TGx923-2F (a susceptible parent) to produce first backcross progenies (BC1) and some of the F 1 plants from each of the crosses were allowed to self-fertilize to produce the F 2 population. For the determination of the allelic relationship, crosses were carried out between the seven resistant lines.
The F 1, F 2, and BC1 of the various crosses were taken to rust infected field where they were planted in a randomized complete block design with three replicates. The F 1 and BC1 generations were represented in 2-row plots each while F 2 were planted in 3-row plots of 5m length with 50cm spacing between rows and 15 cm between plants. Progenies of these F 1 , F 2 and BC1 generations were scored for their reactions to soybean rust and were used for determining the mode inheritance and the allelic relationships of the resistance genes. Chi-square analyses were conducted for the population to test for goodness of fit.
Results and Discussion

Field Experiment
Field observations showed that leaf and shoot infection of soybean by rust (P. pachyrhizi) varied according to interval after germination. At three weeks after germination (3 WAG), symptom of rust was initially observed only on three soybean genotypes as small lesions on the lower surface of the first leaf which appeared necrotic as the plants grow. Among the infected soybean genotypes were TGx 1939-2F, TGx1949-7F and TGx1950-8F. At 5-7 WAG, the level infection spread progressively to about 70% of the plant population on the field. At this stage, lesions with larger area of necrosis that are reddish brown were observed on most of the soybean genotypes with severity score ranging from 2.0-5.0. As the plants mature and set pods at 9 WAG, infection spread to the upper surface of the leaves. At this podding stage, seven genotypes were identified in the field to be resistant to soybean rust with mean disease severity score of 1.0 -2.3. The resistant genotypes included TGx1987-62F, TGx1935-3F, TGx 1951-3F, TGx1936-2F, TGx1987-10F, TGx1972-1F and TGx1949-8F.
Generally there was significant variation among the soybean genotypes in their reactions to rust disease. The grain yields at harvest were high among the resistant genotypes when compared with the susceptible genotypes. Higher grain yields were obtained from TGx 1972-1F, TGx1987-10F, TGx1987-62F, TGx1935-3F and TGx1936-2F within the range of 300 -364gm/plot (Table 1) . 
Mode of Inheritance of Resistance Gene(s) to Rust (P. pachyrhizi) in Soybean
The reactions of the F 1 population from crosses between the susceptible and seven resistant parents (TGx1987-62F x TGx923-2F, TGx1951-3F x TGx923-2F, TGx1972-1F x TGx923-2F, TGx1949 -8F x TGx923-2F, TGx1935-3F x TGx923-2F, TGx1987-10F x TGx923-2F, TGx1936-2F x TGx923-2F) to rust (P. pachyrhizi) are presented in Table 2 . The observation showed no symptom of rust infection on the leaves and shoots of the F 1 plants. The plants growth was normal, no lesions on the lower or upper surfaces of the leaves.
The F 1 populations were generally resistant indicating the dominant nature of the resistance genes in these soybean genotypes. On the other hand, there was a genetic segregation among the F 2 population derived from the crosses. The F 2 showed a segregation ratio of 3 resistant: 1 susceptible crop stand indicating that resistance in each case was governed by a single dominant gene. A backcross of the F 1 generation to the susceptible parent BC1 (TGx923-2F x F 1 ) in each case segregated into a ratio of 1 resistant: 1 susceptible. This confirms the monogenic nature of the inheritance.
Allelic Relationship of the Resistance Genes in Soybean Genotypes
Studies on the F 1 and F 2 progenies of the crosses between resistant soybean genotypes; TGx1987-62F, TGx1951-3F, TGx1949-8F, TGx1987-10F, TGx1935-3F, TGx1972-1F, TGx1936-2F to determine the allelic relationship of the resistance genes showed that all the F 1 progenies were resistant to rust. The segregation data of the F 2 population from the crosses between the resistant genotypes fitted into a 15 resistant: 1 susceptible ratio based on the expectation of independent segregation in these populations (Table 3 ). There was no segregation from the crosses between TGx1972-1F x TGx1987-10F, TGx1951-3F x TGx1936-2F, and TGx1987-62F x TGx1935-3F. The absence of susceptible segregation from these three crosses showed that the dominant resistance genes of TGx1972-1F and TGx1987-10F are allelic and independent of the dominant resistance genes of TGx 1951-3F, TGx1936-2F, TGx1987-62F and TGx1935-3F which are also allelic.
The results therefore revealed the existence of more than two loci controlling resistance to soybean rust (P. pachyrhizi) and the dominant alleles at three loci conditioned resistance. The gene symbols at the three loci can be tentatively formulated accordingly, Rsbr1, Rsbr2 and Rsbr3 (resistance to soybean rust). This report conforms to the earlier findings of Hartwig and Bromfield (1983) Host plant resistance has been an acceptable approach to the control of pathogenic infection and the stability of such resistance is very important in crop improvement programmes. The prospect of controlling soybean rust (P. pachyrhizi) using resistance varieties will be enhanced by the identified resistance genes. These genes can be incorporated into improved and adaptable soybean cultivars. The mode of inheritance of the resistance genes among the identified soybean genotypes showed that the resistance is controlled by dominant genes and the simple nature of inheritance will ensure easier transfer of the genes. However, resistance due to simple dominant genes breakdown easily whenever these is evolution of races or strains of pathogen organisms. In Nigeria, soybean rust is new and is prevalent to Yandev in North central Nigeria and Ogbomosho in South West Nigeria. The strains of soybean rust are likely to be different from other parts of the world. In this case, breeding for soybean rust www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 10; 2012 resistance may be complicated due to existence of races which are sometimes ecotypic. Therefore, there is need for identification of multiple genes for broad-based resistance to rust in soybean growing areas. 
